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Neuronal firing is intrinsically noisy, and as signals tra-
vel through nervous systems, the precision and reliability
of the timing information is varied. At some processing
stages spike timing precision is reduced through propa-
gation; e.g., as in auditory signals transmitted from the
brainstem to the inferior colliculus. On the other hand,
timing information can be sharpened through propaga-
tion, as in transmission from the auditory nerve to the
brainstem. Indeed, accurate coincidence detection is
possible despite the inherent noise of the individual neu-
rons. Motivated by this variability of timing information
processing in the auditory system, we investigate how
changes in the cellular and synaptic properties contri-
bute to improved or decreased precision of spike timing
through synaptic transmission.
We use a three-dimensional conductance-based model
based on Morris-Lecar equations with added voltage-sen-
sitive potassium M-current. Parameters are tuned to
represent dynamics of hippocampal pyramidal cells [1].
The single neuron model receives an incoming spike
through each of a number of input lines, with spike time
drawn independently from a Normal distribution. We
examine the influence of four synaptic properties (number
of input lines, strength of input conductance, synaptic
time constant, and standard deviation of input times) and
two intrinsic states (integrator and coincidence detector;
the model under consideration can be switched from one
to the other through modulation of the leak conductance).
In fact, the spiking behavior and spiking precision varies
across this parameter space in a complex manner.
We identify regions in parameter space where the spike
timing precision can be explained by the distributions of
order statistics of input times. In this region, precision is
mostly independent of synaptic time constant and the
input strength, provided the input is strong enough.
Rather, it is most strongly affected by the number of
incoming input lines. This dependence is similar for both
coincidence detector and integrator models. In other para-
meter regimes, the spiking precision depends more subtly
on details of interaction between the adaptation mechan-
ism (in the form of M-current) and leak (or background)
conductance. We use phase plane and bifurcation analysis
to explain results of our numerical observations.
Acknowledgements
This work was partially supported by National Science Foundation grant
DMS-1022945.
Published: 8 July 2013
Reference
1. Prescott SA, Ratte S, De Konick Y, Sejnowski TJ: Nonlinear interaction
between shunting and adaptation controls a switch between
integration and coincidence detection in pyramidal neurons. J Neurosci
2006, 26(36):9084-9097.
doi:10.1186/1471-2202-14-S1-P31
Cite this article as: Brooks and Borisyuk: Influence of intrinsic and
synaptic properties on transmission of spike timing precision. BMC
Neuroscience 2013 14(Suppl 1):P31.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
* Correspondence: heather@math.utah.edu
Department of Mathematics, University of Utah, Salt Lake City, UT 84112,
USA
Brooks and Borisyuk BMC Neuroscience 2013, 14(Suppl 1):P31
http://www.biomedcentral.com/1471-2202/14/S1/P31
© 2013 Brooks and Borisyuk; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
